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Summary. — We derive the screen factor for the radiation flux from an optically 
thick plasma of electron-positron pairs and photons, created by vacuum polarization 
process around a black hole endowed with electromagnetic structure. 



1. On the screen factor 

In our model for Gamma Ray Bursts, based on the electromagnetic black hole (EMBH) 
creating a dyadosphere[l], there is a plasma made by electron-positron pairs and photons 
with extremely high density (~ 10 30 /cm 3 ). This plasma relativistically expands outward 
from EMBH as soon as it is formed. This relativistically expanding plasma of electron- 
positron pairs and photons evolves with a slab-like profile of constant thickness in the 
laboratory frame: a pair electromagnetic pulse (PEM - pulse) [2]. In the comoving frame 
of the PEM pulse, the plasma of electron-positron pairs and photons is assumed to be 
in thermal equilibrium and characterized by the energy density (p), the number density 
(n e + e -) and the temperature T. Since the pair-number density is very high, the plasma 
is optically thick reaching the transparency condition only at the surface. In this paper, 
we evaluate the photon flux F radiated from such a plasma. 

The photon flux radiated results from the photon transport inside the plasma due 
to diffusion phenomenon caused by a gradient temperature in the radial direction, the 
diffusion constant is assumed to be independent of photon frequency and the photon flux 
in such radiative equilibrium is independent of time. In order to have a non-vanishing 
photon flux in the radiative equilibrium, there must be a non-vanishing temperature 
gradient. For this, we assume that the temperature distribution in the radial direction is 



(1) 



T = T c (l 



R 2 ' 
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We separate the plasma into two regions, the core and the halo: (i) the core is optically 
thick and has average density p and (ii) the halo is transparent and has a temperature 

*-4-(V)> r -(* 

where A is the thickness of the halo and is the surface temperature of the plasma. The 
total flux F at the surface of the plasma is, 

(3) F ~ ^R 2 oTl 

where a is the Stefan-Boltzmann constant. From Eq.(2) in Eq.(3), we obtain the flux (3) 
in terms of halo thickness: 

(4) F ~ A.R^Tt ~ tfoTt 4 

We can evaluate as well the flux from the radiation transfer equation (see e.g. [3]): 

r 3 

(5) F ~ 47T(7— T c T(r) 3 L 7 ~ AirRaT^L 1 . 

where L 1 — — is the mean free path of the photons inside the plasma, gt is the 
Thomson cross-section and T(r) is the temperature at depth r. 
From these two estimates of the total flux, (4) and (5), we have: 



2A\ 4 _ (Lj 
R ) ~ V R 



7> 



(6) 

Thus, we obtain 

Substituting Eq.(7) in Eq.(4) we obtain: 

(8) F ~ 4irR 2 aT^ 

R 

Now, F ~ 47ri? 2 crT ( 5 is the flux emitted by the core of the plasma if optically thin, so the 
suppression factor is 
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We can as well obtain the analogous results from the diffusion equation for the photon 
energy-density p as: 



(10) 



where the diffusion constant D = and the relaxation time of photon diffusion is 
j ~ ^, where v, the velocity of photon diffusion, can be calculated by a random walk 



process (see e.g. [3]): 



(11) 



2L^ 



In Eq.(10), p(r, t) is the value of the photon energy density and p {r) is the photon energy 
density at radiative equilibrium. Such energy density distribution is assumed of the form 



(12) 



p (r)=p (l-— )~p o 0(R-r). 



Since the results is very weekly dependent on the index n. With the damped heat- 
kernel we have the solution: 



(13) 

which can be written as 
(14) 
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We compute the photon current for r ~ R and t — > oo 

A 



(15) 
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(16) 
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Comparing with the photon current computed in an optical thin medium j r = we 
obtain the screening factor 



(17) 



in substantial agreement with Eq.(9) 
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2. The observable radiation flux 

We can now estimate the observed radiation flux from the PEM pulse assuming that 
the photons are in equilibrium at the same temperature T with electron-positron pairs 
before they decouple. In the comoving frame of photons and electron-positron pairs 
plasma fluid, the black-body spectrum of photons that are in thermal with e+e - -pairs 
is given by, 

(18) ^ 1 1 



d 3 k c exD / Wlkcl) 

LX P ^ kT 

where n 7 is the number-density of photons, T is the temperature and w 7 , k c are energy- 
momentum in the comoving frame. Integrating over all photon momenta, we obtain the 
black body radiation flux in the comoving frame(egrs/sec./47r), 

(19) F c = aT i R 2 c 1 

where a is the Steven-Boltzmann constant and R is the radius of the front of the plasma 
fluid. 

The energy and momentum of photons in its comoving frame and local laboratory 
frame are related, 

v 

(20) ujy = -fE y (l cos#), u> 7 = |k c |, 

(21) k c = -|k|Vl - cos 2 <9u + 7|k|(cos<9- -)v, 

c 

(22) k = £ 7 (-sin(9u + cos <9v) |k| = E 1 , 

where E, k are energy-momentum in the local laboratory frame, 6 is the angle (in the 
laboratory frame) between the radial expanding-velocity and direction from the origin of 
the plasma fluid to the observer, v is a unit vector along the radial expanding-velocity 
of the plasma fluid and u is a unit vector transverse to v. In the comoving frame, shown 
by Eq.(21), photons radiating out of the plasma fluid must have 

(23) cos6»>-, 

c 

so that the component of the photon momentum in the radial expanding-velocity direc- 
tion is positive. 

Note that due to the Louiville theorem (the phase invariance) (see e.g. [4], the spec- 
trum of photons in the laboratory frame has the same as Eq.(18) by replacing uj 7 — > E 1 , 
T — > Xiab- Considering Eq.(20), we have 

f24 ) ^ = — - 

1 j d 3 k 7r 2 ^ 3 exp ^ gjWlTOzi^ ^ i' 

which leads to the temperature TJ a b in the local laboratory frame, 

(25) T lab = 



7(1- 1 cos ey 
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Using eq.(19), we obtain the black body radiation flux in the laboratory frame, 

(26) F BB = -^F c . 

[ 7 (l-fcos0)] 4 

Integrating over the cos 8 in the range of (23) , for 7 ^> 1 we obtain the total black-body 
radiation flux per unit solid angle is approximately given by (ergs/second) 

(27) F BB ^4TraT 4 R 2 cj 2 , 



where 7 is the Lorentz factor. The screened radiation flux from the PEM pulse is then 
given by (ergs/second) 

(28) F BB ~ 4naT 4 R 2 c-/ 2 S. 

with S given by Eq.(17). 
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